. In general, the rate of permeation of small, hydrophilic solutes suggested that a barrier with properties similar to those reported for other epithelia was interposed between the blood and the lung lumen.
However, the locus of the limiting barrier between air and blood is not clear. Dyedilution studies suggest that the capillary endothelium may be the major impediment to the escape of small solutes from the blood into the air space (2). On the other hand, small solutes added to the vascular space exert a much greater osmotic effect in the fluid-filled than in the air-filled lung (21). These results are consistent with the notion that the alveolar epithelium is the dominant permeability barrier. Tissues with potentials lower than 10 mV were discarded.
After the initial equilibration periods the tissue was short circuited and a Ringer solution that contained sufficient isotope to give at least 100,000 cpm/ml was added to the source as the other surface was washed with fresh nonradioactive Ringer.
Preliminary experiments showed that lung lobes incubated in Ringer with 24Na reached a constant tissue count in less than 15 min. Tissues exposed to 36C1 required less than 30 min. In all flux studies with 24Na and 36C1 at least 15 and 30 min, respectively, were allowed for the lung to reach specific activity equilibrium.
The selection of equilibration times for Na and Cl was supported by subsequent experiments in which flux coefficients for collections between 90 and 120 min after addition of the tracer were not different from those reported in Table  1 To confirm the identity cf the migrating tracer 50-~1 samples of the bathing solution were streaked on Whatman 3M filter paper strips. The strips were subjected to electrophoresis in a .05 M, pH 8.5 barbital buffer for 35 min at 50 V/cm. After drying at 8O"C, the strips were cut into l-cm sections and each section was counted in a tolucne fluor. The contributions of 35SCN and 3FC1 that were streaked at a common origin could be separated by double-label counting. The peak of the 36C1 band was found routinely to have migrated 4 cm farther toward the anode than the 35SCN peak. Better than 90 % of the radioactivity that was added to the paper was recovered. are all the cations of the bathing solution, water and all anions that were tested with the exception of the halides and SCN-. It is interesting that the k's for TcO4, a pseudohalide that competes with I-for transport into the thyroid (26), were also symmetrical.
The symmetry of the unidirectional flux coefficients is compatible with passive movement of each of these species across the lung.
For sulfate the evidence for uncomplicated passive flow is even stronger.
The concentrations of chemical carrier were increased over a thousand-fold but the flux cocfficients were not altered significantly.
Similar results were obtained with gluconate concentrations of 0.4 and 116 meq/ liter. Flux coefficients for two lung pairs at each concentration ranged from 0.7 to 2.5 X 10-r cm/s and did not appear tudes of the flux coefficients at specific activity equilibrium will be discussed later.
2) Fate of tracer from HWO3: e$ect of acetasolamide on Wl' flux. When H14C03 was added to the source the chemical species that crossed the lung was never identified.
It is apparent from the information in Table 2 that the participation of CO2 in the total flow of tracer cannot be disregarded in spite of the absence of exogenous C02. Even when the tissue was replaced by Parafilm the rate of tracer loss from the source into the gas phase was more than twice the flow across control tissues. Furthermore, in the presence of the tissue the rates of label volatilization from the sink were about >&th of the transmural fluxes that were calculated from the rate of appearance of 14C in the sink solution. Since bidirectional flux studies were not carried out on the same lung it was important to establish that the apparent asymmetry in fluxes was not the result of a greater ion leakiness in the tissues that exhibited a greater flow from serosa to mucosa. The conductance of each tissue can be used to monitor the overall permeability of the tissue to the major electrolytes in the bathing solution.
The conversion of the unidirectional M -+ S fluxes for Cl-and Na+ to partial ionic conductances indicated that most of an applied current should be carried across the tissue by these ions. Fig. 1 illustrates the relationship between the dc conductance of the lung and the flux coefficients for Cl-and Na+. It is clear that the same linear relationship is described by the coefficients for Na+, whereas most of the S -+ M coefficients for Cl-fall to the right of the line drawn through the S -+ M k's. This relationship indicates that the high S + M coefficients for Cl-were not -obtained from a population of lungs with an unusually high ion permeability. In contrast, bubbling the bathing solutions with 100% N, reduced short-circuit current, conductance and both flux coefficients.
The net movement of Cl-was reversed to a small M -+ S flow. A reversible decline in short-circuit current and unchanged conductance had been reported previously for the lungs incubated in nitrogenated solutions but these tissues were exposed for less than an hour ( 10). To determine how closely the penetration of Cl-through the lung followed the kinetics of a saturable process, 36C1 fluxes were measured across lungs that were exposed to different concentrations of Cl-. However, the total concentration is limited by the osmolality of the bathing solution.
Since the total replacement of Clwith Br-failed to affect significantly the bioelectric properties of four lungs, it appeared likely that the K, for Brmight be close to that for Cl-. If this prediction were borne out by the flux experiments then 30 meq/liter was estimat.ed to be the Br-concentration that would come closest to satisfying both of the requirements stated above. The open points of Fig. 3 represent the net fluxes of Cl-obtained in presence of the Br-concentration.
The line defined by the two points and the control relationship are parallel (P > .7, x2 test) but the difference between the two intercepts misses significance (. 10 > P > .05, twotailed x2 test). This result suggests that if Br-competes with Cl-its affinity for the transport mechanism must be somewhat lower (calculated K, = 69 meq/liter Table 1 for the flow of I-in a carrier-free solution. The results are in the direction that one would associate with a saturable process but the data are too meager to warrant a firm conclusion.
E) CHLORIDE TRANSPORT AND THE SHORT-CIRCUIT CURRENT.
A number of excised amphibian epithelia such as frog skin, gastric mucosa, cornea and toad bladder exhibit a fixed relationhsip between the short-circuit current and the net flow of an ion or ions (14, 18, 24, 27) . The net Cl-flux was calculated for each of the experiments in Table  1 and was compared with the current required to short-circuit the lobes in which the S -+ M flux was measured.
Net Cltransport accounted for only 51 =t 7 SE % of the shortcircuit current. In addition, the approach of Ussing (24) was used to compare the sum of the partial ionic conductances for each of the bathing solution ions with the dc conductance. The total passive flow of solution ions approximated 1 mmho/cm2 as compared with a measured conductance of 1.42 mmho/cm2.
However, when collections were made between 90 and 120 min after addition of the tracer to five paired lobes coefficients of 24.6 & 3.7 and 13.0 & 1.5 X 10-T cm/s were obtained.
These values and the net flux coefficient, 11.6 & 2.6, were not different from those reported in Table  1 but the short-circuit current had declined gradually so that the net Cl-flux accounted for 124 =t 19 % of the short-circuit current. Thus, after 90 min of short circuiting, all the current can be accounted for by 'he secretion of Cl-.
C. Tissue Ion Analyses
The remainder of the study focussed on an evaluation of the electrolyte and water composition of the lung. Analyses were carried out on tissues that were maintained under two conditions.
In the first, lung lobes were quartered and incubated in oxygenated Ringer solution for 5-180 min. The results of these experiments are reported in Table 5 . The Na+ and Cl-concentrations of lungs that were incubated for 5 min tended to be higher than the values found at 1 h. All ion concentrations remained constant over the next 2 h. In the second protocol tissues were exposed to Ringer solution in the chamber for a minimum of 2 h. Compared to the tissues incubated outside of the chamber, lungs from the apparatus had somewhat higher K+ and Cl-concentrations. The presence or absence of a transmural electrical PD did not affect the ion composition.
DISCUSSION
The primary objective of this study was to characterize the permeability of the bullfrog lung. It was hoped that would expect the concentration of unionized dinitrophenol (PK a-4.0) and, hence, the rate of penetration to be 10 times less than that found at the pH of mammalian physiological salt solutions.
The difference in the coefficients for water is more difficult to explain.
It is possible that the pleural covering of the excised bullfrog lung offers an additional barrier to the diffusion of water. Based on the common charge and similar free diffusion coefficients one might expect the HCO3-to penetrate the lung about as rapidly as Cl-. The data in Table 1 show that the flow of tracer added as H14C03-greatly exceeded this expectation.
Since CO, is acknowledged to cross the pulmonary epithelium more rapidly than HCO3-the evidence for tracer volatilization in Table 2 points to the contribution of a 14C02 flux to the total flow. This fact is difficult to reconcile with the knowledge that surfactant has been found in the lungs of the toad.
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